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GEOLOGY OF THE GREAT SMOKY MOUNTAINS, TENNESSEE AND NORTH CAROLINA

GEOLOGY OF THE CENTRAL GREAT SMOKY MOUNTAINS, TENNESSEE

By PHILIP B. KING

ABSTRACT

This report describes the geology of an area about 300 square
miles in the central segment of the Great Smoky Mountains,
extending 20 miles northward in Tennessee, from the mountain
crest at the North Carolina line, across the foothills, into
the Appalachian Valley. The south half of the area lies in
Great Smoky Mountains National Park. Adjacent areas in
the Great Smoky Mountains are dealt with in companion
geologic reports by other authors.

Except for a small intrusive body, rocks of the report area
are all of sedimentary origin. They consist of varieties of
limestone, dolomite, shale, sandstone, siltstone, and conglomer-
ate, which were laid down in later Precambrian and early
Paleozoic time, and which have since been much deformed,
and in part lightly to heavily' meamorphosed. The younger
sedimentary rocks, of Ordovician and Cambrian ages, are
exposed toward the north, in the Appalachian Valley, on Chil-
howee Mountain, and in coves in the foothills; those of later
Precambrian age, termed the Ocoee series, are exposed in
the south, in the foothills and main mass of the Great Smoky
Mountains. Total thickness of sedimentary rocks in the
area is certainly more than 5 miles, but because of missing
intervals produced by deformation, and uncertainties as to
succession, the total is undetermined.

The Ocoee series of the foothills and mountain area is a body
of terrigeneous clastic rocks, which has minor intercalations
of limestone and dolomite but no volcanic components or known
fossils. Many of the clastic rocks are coarse grained, most are
poorly sorted texturally and mineralogically, and few are
cleanly washed. Many parts are monotonous sequences, changes
from one rock type to another being gradational both vertically
and laterally. The rocks of the Ocoee series are divisible into
broad lithologic units—the Snowbird group, Great - Smoky
group, and Walden Creek group—which are, in turn, divided
into intertonguing and intergrading formations of local extent.

Within the report area the Snowbird group occurs in the
southern part of the mountain foothills and is as much as
17,000 feet thick. It consists of relatively fine-grained rocks,
mainly siltstone, but includes some interbedded argillaceous
rocks and many sandstone layers in the lower part. The base
of the Snowbird group is not exposed in the area, but elsewhere
it lies unconformably on basement rocks. At one locality the
Snowbird is overlain conformably by the Rich Butt sandstone
which is also part of the Ocoee series, but is not assigned to
any of the groups.

The Great Smoky group lies mainly south of the Snowbird
group and forms the main mass of the Great Smoky Mountains,
where it is as much as 25,000 feet thick. The Great Smoky
group consists mainly of rocks coarser grained than the Snow-
bird group; they include fine conglomerate and coarse to fine
sandstone interbedded with layers of silty or argillaceous
slates and phyllites. Nearly all the coarse rocks are graded,
in layers a few feet to ten feet thick, and have wide textural
range in each layer. The middle part of the Great Smoky
group is dominantly coarse sandstone and fine conglomerate,
and the lower part is finer grained sandstone; in the upper
part are thick intertonguing units of dark slate and phyllite.
Within the report area, neither the base nor the top of the
Great Smoky group are exposed; farther southeast it overlies
the Snowbird group, and farther south it is overlain by rocks
of the Murphy marble belt.

The Walden Creek group lies north of the Snowbird group,
forming the northern part of the mountain foothills, and is as
much as 8,500 feet thick. It is more heterogeneous than the
other groups of the Ocoee series, consisting of argillaceous
and silty rocks, discontinuous masses of conglomerate and sand-
stone, and minor layers of quartzite, limestone, and dolomite.
Within the report area the base of the group is not exposed,
but farther northeast rocks lithologically like the Walden
Creek group overlie rocks lithologically like the Snowbird
group. On Chilhowee Mountain the uppermost beds of the
Walden Creek group are overlain, probably disconformably,
by the Chilhowee group. ’

Within the report area the Ocoee series is broken into fault
blocks as a result of the great deformations to which it has
been subjected, and the three groups occur in different blocks
so that their mutual relations are not apparent. The inter-
grading and intertonguing which has been proved between the
different formations suggests that similar relations existed
between the groups also. Observations in the broader Great
Smoky Mountain region indicate that the Snowbird group is
the lowest unit and the Walden Creek the highest; the strati-
graphic position of the Great Smoky group is less clear, but
it may be at least partly equivalent to the Walden Creek
group.

The Chilhowee group, which overlies the Walden Creek
group on Chilhowee Mountain, contains diagnostic Lower Cam-
brain fossils in its upper beds, and trace fossils extend down-
ward to about its middle; it is classed as of Cambrian(?)
and Cambrian ages. The group is as much as 3,200 feet
thick, and consists of sandstone, feldspathic below and quartz-
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2 GEOLOGY OF THE GREAT SMOKY MOUNTAINS, TENNESSEE AND NORTH CAROLINA

ose above, and several well-differentiated interbedded shale
formations. It is overlain by the Shady dolomite of Early
Cambrian age, small remnants of which are preserved in the
report area.

The remaining sedimentary rocks are of Ordovician age
and as much as 7,500 feet thick. The upper part of the Knox
group, of Early Ordovician age, is largely limestone and dolo-
mite, but the succeeding rocks of Middle Ordovician age are
mostly shale, siltstone, and fine-grained sandstone; many of
these are calcareous, but limestone layers are subordinate.

No strata higher than those of the Middle Ordovician series
are preserved in the report area, although a short distance to
the west these are succeeded by others of Devonian and
Mississippian ages. Within the Great Smoky group of the
mountain area is a small body of intrusive metadiorite, which
is interpreted also to be of Paleozoic age.

The Great Smoky Mountains lie within the strongly
deformed region of the southern Appalachians. The report
area includes parts of two tectonic provinces of different struc-
tural habit, the mountains and foothills lying in one and the
Appalachian Valley in another. South of the boundary between
them a wide zone of thrust faulting extends across the central
part of the area.

Two major low-angle faults dominate the zone. The north-
western, or Great Smoky, has moved the rocks of the moun-
tains and foothills at least 10 miles over the rocks of the
Appalachian Valley; it is a late feature of the deformation,
little disturbed since its emplacement and younger than the
regional metamorphism. Some miles to the southeast is another
major low-angle fault, the Greenbrier, which has moved the
rocks of the main Great Smoky Mountains northwestward over
those of the foothills; it is older than the Great Smoky fault,
was folded and faulted after its emplacement, and is earlier
than much of the regional metmorphism. In the same area as
the Greenbrier fault are the major high-angle faults of the
Gatlinburg family, which are late features of the deformation
like the Great Smoky fault, but which have been displaced not
only by dip-slip but by strike-slip movements. Besides these
major faults the zone includes a host of others of various
magnitudes, which form a complex network in the foothill area
in which some faults offset others. Some of these faults
probably moved as early as the Greenbrier fault, others as late
as the Great Smoky fault.

The rocks between the faults have been variably deformed,
depending partly on their competency, partly on their struc-
tural situation. The Chilhowee group and upper part of the
‘Walden Creek group on Chilhowee Mountain are openly folded,
but the rest of the Walden Creek: group is greatly disordered,
showing complex small-scale folds and faults in nearly every
exposure. The Snowbird group in the eastern part of the report
area is again openly folded, but to the west its rocks are more
foliated, contorted, and sheared. The Great Smoky group of
the mountain area forms a broad homocline, little disrupted
by faulting, in which the rocks dip moderately to steeply
southeastward.

Rocks of the Appalachian Valley are virtually unaltered, but
those of the foothills and mountain area are regionally meta-
morphosed, the strength of the metamorphism increasing south-
eastward. Physical effects of the metamorphism increase
variably, the mineralogic effects regularly and progressively.
The northern part of the metamorphosed rocks is characterized
by the mineral chlorite and the part to the south by the
mineral biotite; in the extreme south, however, garnet occurs

in small amounts with the biotite. The foliation produced by
the regional metamarphism- has been widely deformed by later
slip cleavage, and locally by various shear structures. The
chronologic sequence of these small-scale structures is obvi-
ously related to that of the major structures, but details of
the relation have not been determined.

After deformation of the rocks of the Great Smoky Moun-
tains had been completed, presumably in late Paleozoic time,
the region was subjected to subaerial erosion, under conditions
of increasing crustal stability. This regime has continued to
the present, with variations and modifications, and the region
has been degraded, from levels high above any rocks or
topographic forms now preserved, to its presemt configura-
tion. Most of the record of these events has been lost, but
the later events are indicated by partially preserved landforms,
residuum, and deposits.

Oldest well defined landforms are remnants of a Valley
Floor surface, which extended widely across the mountain
foothills and into the Appalachian Valley during part of
Tertiary time. When it was formed, saprolite and other
residual materials accumulated widely, not only on the valley
fioor, but on the mountain areas.

No certain record remains of early Pleistocene time, but later
Pleistocene events are indicated by various alluvial and collu-
vial deposits. In places, several sets of deposits can be differen-
tiated, the earlier of which were eroded before the accumulation
of the later; the deposits probably formed during glacial sub-
stages of Wisconsin time, and their erosion during interglacial
substages. During glacial substages no glaciation occurred in
the area; but the climate was colder than now, imposing a
harsh erosional regime in the mountains, part of which pro-
jected above timberline. Earlier formed saprolite was shifted
downslope as colluvium, to which fragments were also con-
tributed by mass wasting of the underlying bedrock. These
processes resulted in block fields on the mountain slopes and
bouldery alluvium near the mountain bases; they also made
available material that was deposited along the streams farther
out, which is now preserved in places as terraces.

The Recent epoch is represented mainly by stream alluvium,
but grass balds and other vegetational features in the moun-
tains preserve the record of minor climatic fiuctuations.

Mineral deposits of economic interest are meager in the area.
Small deposits of iron ore were worked by the early settlers,
and stone has been quarried in places for local construction. .
Largest present mineral production is of limestone of the Knox
group, which is quarried in places for use in highway construc-
tion and other purposes.

INTRODUCTION
PLAN AND PURPOSE OF REPORT

The boundary between Tennessee and North
Carolina is delimited for about 50 miles in midlength
by the crests of the Great Smoky Mountains, which
include some of the highest summits in the south-
eastern United States, and culminate in Clingmans
Dome, which has an altitude of 6,642 feet. Ramifying
spurs and foothills descend northwestward from the
State-line divide toward. the Appalachian Valley in
Tennessee, as well as southeastward toward the less
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resulting coverage is less complete than that in any
of the other quadrangles.

Mapping in the Pigeon Forge quadrangle on the
north was carried on at intervals between June 1948
and April 1954, incorporating an earlier preliminary
study of part of the area by John K. Lydecker in
July and August 1947. The rest of the mapping of
the Pigeon Forge quadrangle south of the Appalach-
ian Valley was completed by Warren Hamilton in
April and May 1954, as an extension of his work on
the Richardson Cove quadrangle to the east.

In 1949, Neuman began a study of the Ordovician
rocks in the Great Smoky Mountains project area,
and between March 1950 and June 1951 he mapped
these rocks in the part of the Appalachian Valley in
the Walden Creek and Pigeon Forge quadrangles.
During the same period Neuman also revised previous
mapping by King, Ferguson, and Swingle of the
Ordovician rocks exposed in Wear and Tuckaleechee
Coves in the Gatlinburg and Wear Cove quadrangles.

Between September 1951 and April 1954 King
revised the rest of the initial mapping in the Wear
Cove, Walden Creek, and Thunderhead quadrangles,
giving principal attention to the problems of the
Walden Creek group. Previous observations were
reviewed, and an extensive net of additional traverses
was run between the earlier ones. As a result of revi-
sions by King and Neuman in these quadrangles, map-
ping by Ferguson and Swingle was much altered,
except in the Chilhowee Mountain area of the Walden
Creek quadrangle and the mountain area of the Thun-
derhead quadrangle.

Rock specimens collected by King, Ferguson, and

Swingle during the initial phase of the investigation
were studied in thin section under the microscope by
Hadley. At the close of the investigation, a suite of
rock types which had not been included in Hadley’s
work was similarly studied by Hamilton.
" On completion of fieldwork, those varied results
were assembled by King, who prepared the manuscript,
maps, sections, and other illustrative material, and
worked out conclusions and interpretations. He is
therefore credited with authorship of the report. In
the text, significant contributions by the other geolo-
gists are indicated by footnotes, but it should be under-
stood that in many places these contributions are so
complexly interwoven that they cannot always be
appropriately credited.
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the extended period of the investigation, for their
interest in the work being done, for their encourage-
ment, and for providing access to areas not otherwise
accessible. Among the many, specific mention should
be made of Mr. A. G. Heinsohn, who permitted a sur-
vey of his Norton Creek Ranch, which covers an exten-
sive district in the northern part of the Gatlinburg
quadrangle.
PREVIOUS WORK

Although brief mention has been made of the central
part of the Great Smoky Mountains in various geo-
logic publications, beginning with one by the first
State Geologist of Tennessee, Gerard Troost (1841,
p. 27-44), the only previous works bearing signifi-
cantly on the area are those of James M. Safford,
second State Geologist, in the period just before and
after the Civil War (1856; 1869, p. 21-30, 49-52, 188
191, and others), and of Arthur Keith (1895a) for
the Knoxville folio between 1889 and 1894.

A1l later geologists are indebted to Safford for lay-
ing the groundwork of much of the geographic and
geologic knowledge of the “Unaka Chain,” or moun-
tain area of east Tennessee. He divided its rocks into
an “Ocoee conglomerate and slate” and an overlying
“Chithowee sandstone,” both assigned to a Potsdam or
Lower Silurian age (Safford, 1869, p. 158). The first,
the modern Ocoee series, was named for the gorge of
the Ocoee River south of the Great Smoky Mountains;
the second, the modern Chithowee group, was named
for Chilhowee Mountain in the northern foothills of
the Great Smoky Mountains. Various traverses across
the Ocoee series were described, including one from
Sevierville up the West Prong of the Little Pigeon
River to Alum Cave, across the present report area
(Safford, 1869, p. 191-192). Rocks underlying the
Appalachian or “Great” Valley just northwest of the
mountains were classed as “Knox group,” and “Tren-
ton” or “Nash series.” These were believed to be
younger than the Ocoee and Chilhowee, but like them,
were assigned to a Lower Silurian age. The fault
which raised the older rocks of the mountains against
the younger rocks of the valley was recognized along
the northwest slope of Chilhowee Mountain. It was
shown further that Wear, Tuckaleechee, and Cades
Coves to the southeast are also underlain by dolomites
of the Knox, but the only explanation that could be
offered for their presence was that “they are patches of
the great calcareous formations which became entan-
gled, by the folding and faulting to which all the
strata in common were subjected, in the mountain
masses of Ocoee and Potsdam formations” (Safford,
1869, p. 219).

Keith’s work was an early phase of a comprehensive
program of mapping in the Southern Appalachians,
under the direction of Bailey Willis, for the folio series
of the U.S. Geological Survey. One may suppose that
the Knoxville 30-minute quadrangle, of which the pres-
ent report area is a part, was selected for study near
the beginning of the program because it contained
many important formations and structures, and because
it was a key area from which work could be extended
into surrounding regions. So far as the present report
area goes, this selection was a misfortune, as many
problems of the region were not understood at the time
of this early fieldwork.

Keith divided Safford’s “Ocoee conglomerate and
slate” (Ocoee series) and “Chilhowee sandstone” (Chil-
howee group) into many formations, which were traced
through the mountain part of the Knoxville quad-
rangle. His formations of the Chilhowee group and
their order of succession have stood the test of time,
although he erroneously supposed that the overlying
Shady dolomite, mainly exposed in Miller Cove west
of the report area, was Knox dolomite which lay with
hiatus and unconformity on the Chilhowee group
(Keith, 1892). His formations of the Ocoee series were
less firmly based, and their order of succession has been
proved by later work to be very differnet from what
was then supposed. The Ocoee formations were, more-
over, classed in the folio as of “age unknown,” because
Keith and Willis at the time believed that they were a
series of Silurian or later age that lay unconformably
on the Chilhowee group of Chilhowee Mountain and
the Knox dolomite of the coves to the southeast (Wal-
cott, 1891, p. 299-300).

Misapprehension as to the stratigraphic succession
arose largely from failure to realize the structural com-
plexities of the area. The great low-angle faults of the
Southern Appalachians were unknown at the time of
mapping, and many higher angled faults associated
with them were not detected. It is true that both Keith
and Safford recognized thrust faults in the Appala-
chian Valley. They also mapped a thrust fault along
the entire northwest edge of Chilhowee Mountain,
which separated the rocks of the mountain from those
of the Appalachian Valley; but Keith supposed that
this one died out northeastward. The Knox in the cove
areas was correctly shown to be arched in a series of
anticlines and to underlie the surrounding rocks of the
Ocoee series, but the Ocoee was supposed to be younger
than the Knox and to succeed it in stratigraphic order
(Walcott, 1891, p. 300).

As Keith extended his mapping in more detail into
surrounding regions, he came to realize the geologic
incongruities published in the Knoxville folio. During
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a field conference in the Mount Guyot quadrangle in
1898, attended also by C. R. Van Hise, Cooper Curtice,
and G. W. Stose, it was concluded that the OQcoee did
not lie unconformably on the adjacent Ordovician
rocks, but that it had been carried over them on low-
angle faults (U.S. Geol. Survey, 1899, p. 39—40; Stose,
G. W., and Stose, A. J., 1944, p. 375). By 1901 Keith
(U.S. Geol. Survey, 1902, p. 49) had “determined the
Cambrian age of the Ocoee formations and their corre-
lation with the previously known Cambrian series”.
At about this time he prepared “a general review of all
information concerning the age of the Ocoee strata”
(U.S. Geol. Survey, 1901, p. 68) ; but this was not pub-
lished, and it is no longer available. He also subdivided
the Ocoee into a new set of formations with a revised
order of succession that much resembles the succession
as interpreted by the present field party. These revi-
sions were first set forth in his Asheville folio (Keith,
1904).

Although Keith thus made great progress in inter-
pretation of the rocks of the east Tennessee mountain
area in his later work, no published revision of his
earlier map and text on the Knoxville quadrangle was
ever presented, except a brief report on the “Great
Smoky overthrust” (1927), which indicated that Wear,
Tuckaleechee, and Cades Coves were windows in the
thrust sheet. Application of Keith’s later views to the
present area, or elsewhere in the mountain part of the
Knoxville quadrangle, is thus not apparent without
much field study, and it is doubtful whether Keith
himself ever reveiwed the area again to determine such
application in detail.

GEOGRAPHY
PHYSICAL GEOGRAPHY

REGIONAL RELATIONS

The Great Smoky Mountains are part of the Unaka
province, a subdivision of the Blue Ridge province
that develops southwestward from Virginia. On the
northwest, the mountains of the Unaka province front
the Appalachian Valley, or lowland part of the Valley
and Ridge province, and they separate the valley from
the main part of the Blue Ridge in North Carolina.
Like the Valley and Ridge province, the Unaka prov-
ince is made up of sedimentary rocks, but these differ
from those of the former in being generally older,
more largely clastic, and without thick carbonate com-
ponents. Instead of being cut into low ground with
well-defined strike ridges like the rocks of the Valley
and Ridge province, those of the Unaka province have
been shaped into high massive mountains that less per-
fectly express their rock structure. Like the rocks of
the main part of the Blue Ridge province, those of
the Unaka province have been metamorphosed, but

they lack the thorough recrystallization and partial
granitization of the latter. Weathering and erosion
have consequently modeled them more harshly than
the rocks of the main Blue Ridge, so that fewer areas
have been cleared for cultivation and much of the
range remains in forest.

Although the Unaka province forms one of the most
imposing mountain chains of the Southern Appala-
chian highlands and determines the Tennessee-North
Carolina State line through much of its course, it is
not a main drainage divide. The water parting be-
tween streams draining to the Atlantic coast and the
Tennessee River lies instead to the southeast, at the
farther edge of the Blue Ridge province, and master
streams flow thence northwestward toward the Ten-
nessee River, passing through the mountains of the
Unaka province in deep and rocky gorges. Two such
master streams, the Pigeon and Little Tennessee
Rivers, cross these mountains not far east and west
of the report area and serve to define the Great
Smoky Mountains geographically as a segment of the
Unaka province about 50 miles long; the term “Great
Smoky” has, however, been given far wider scope in
popular legend.

FEATURES IN REPORT AREA
RELIEF AND DRAINAGE

The present report area displays a representative
cross section of the north flank of the Great Smoky
Mountains, from the Appalachian Valley on the north
to the crest of the State-line divide on the south,
which is divisible into a number of physical units,
described below. This flank is drained entirely by
streams flowing north off the mountains—the West
Prong of the Little Pigeon River, the Little River,
and their tributaries.

Lowest point in the area, where the Little Pigeon
River leaves it on the north in the Appalachian Valley,
stands at an altitude of about 880 feet. Highest points
are on the mountain crest on the south and include from
west to east Thunderhead Mountain, Silers Bald, and
Mount Buckley, which rise to altitudes of 5,530, 5,620,
and 6,582 feet, respectively; Clingmans Dome, the
highest point in the mountains at an altitude of 6,642
feet, lies a little east of the southeast corner of the
area. Total relief in the report area is thus about 5,700
feet.

Local relief increases progressively southward. On
the north, Chilhowee Mountain projects 1,500 to 2,000
feet above the Appalachian Valley at its base; farther
south, Cove, Blanket, and Sugarland Mountains rise
more than 2,500 feet above their surroundings; Cling-
mans Dome near the southeast corner stands 3,500
feet above the head valley of the Little River.
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APPALACHIAN VALLEY

A strip as much as 5 miles broad on the north edge
of the report area is part of the Appalachian Valley,
a region of lowlands widely cleared for cultivation
and more heavily populated than any other dealt with
herein. The greater part of the valley within the area
is formed by shales which are carved into hilly sur-
faces. Where the shales are sandy and most resistant
to erosion, these hills project as a maze of steep-sided
knobs several hundred feet high, the most extensive
being the Slate Knobs west of Sevierville. A lesser
part of the valley within the area is formed of lime-
stone and dolomite which has been cut into rolling
ground, heavily mantled by deep reddish residual soil
and colluvium.

CHILHOWEE MOUNTAIN

In the west half of the report area the Appalachian
Valley is bordered southeastward by Chilhowee Moun-
tain, one of the ‘‘great outliers of the Unaka Chain”
(Safford, 1869, p. 29), a narrow steep-sided ridge 31
miles long, which extends 24 miles southwestward
from the report area to the Little Tennessee River.
Chilhowee Mountain differs from all the other emi-
nences in the area in being marked by persistent and
distinctive lines of cliffs and ledges (fig. 2); these are
formed of successive sandstone and quartzite forma-
tions, separated by slope-making shales, all dipping at
low angles southeastward.

Chilhowee Mountain ends abruptly northeastward
about 6 miles southwest of Sevierville, its quartzite
ledges bending about in a synclinal hook. Farther
east the boundary between the Appalachian Valley
and the main foothills is less sharply marked, and has
been deeply indented by erosion.

FOOTHILL BELT

A belt of diverse foothill country about 8 miles wide
borders Chilhowee Mountain and the Appalachian
Valley on the southeast. Most of its rocks are argil-
laceous and stand in steep-sided ridges and knobs of
formless pattern, not unlike those of the shale areas
of the Appalachian Valley, although relief is greater
because the rocks which form them are more meta-
morphosed and resistant than those of the valley.
Adjacent crests stand at nearly the same heights, but
rise gradually southward to the foot of the main
Great Smoky Mountains. These accordant summits
may represent remnants of an ancient valley-floor sur-
face from which the foothills have been carved (fig. 5).
Projecting above their neighbors are scattered higher
ridges of short length, but more regular trend, formed
of interbedded conglomerate, sandstone, and quartzite.
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FIGURE 2.—View northeast along crest of Chilhowee Mountain from Millstone Gap fire tower, near west edge of report area, showing outcrops of Chilhowee group and associated

p€s, Sand-

Trace of Great Smoky fault lies near base of foothills on left; Sugarloaf and Big Pine Mountains are Cochran formation in a slice overlying the fault.

suck formation ; €¢, Cochran formation; €n, Nichols shale; €nb, Nebo sandstone; €m, Murray shale; €h, Hesse sandstone; Ot, Tellico formation.

formations.
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Most of the foothills are timbered, but they have been
so extensively cut and burned that only second- or
third-growth forest remains; part has been cleared for
pasture.

Lower courses of some of the larger valleys of the
foothills, as that of the West Prong of the Little
Pigeon River and of Walden Creek, a tributary from
the west, are broad and alluviated, or flanked by stream
terraces, so that they support prosperous farms. Most
of the other valleys, and upper courses of even the
larger streams, are narrow and gorgelike, with little
bottom land, although in many places they support
small farms. Near the base of the higher mountains
to the south, however, many of the valleys widen into
small coves that have been deeply filled by bouldery
alluvium washed down from the mountains during an
earlier time. One of these coves, The Sugarlands on
the West Prong of the Little Pigeon River, was at one
time extensively cleared and cultivated, but it is now
abandoned and forms part of Great Smoky Mountains
National Park. Another cove, a few miles below on the
same stream, known to the early settlers as “White
Oak Flats,” is now occupied by the town of Gatlinburg.

COVE AREAS

Embedded in the foothill belt are Wear, Tuckalee-
chee, and Cades Coves, the first two in the report area,
the last farther west. These are mountain valleys 2 to
6 miles across, floored by limestone and calcareous
shales that have been worn down to rolling or terraced
surfaces, and partly masked by wash from the foot-
hills that surround them. Limestone outcrops and
hills covered by limestone residuum are most extensive
in Tuckaleechee Cove on the west, which is drained by
the through-flowing Little River; Wear Cove on the
east, which lies near the head of drainage, is more
extensively mantled by wash. The coves are largely
cleared for cultivation and constitute outliers of lime-
stone farmland like that characteristic of the Appa-
lachian Valley on the northwest (fig. 3).

Two smaller coves in the southwestern part of the
report area, Whiteoak Sink and Big Spring Cove,
duplicate features of the larger ones, as each is cut
on limestone and rimmed by foothills. Limestone out-
crops are abundant in Whiteoak Sink, which is notable
in that all drainage leaves it by underground channels;
in Big Spring Cove the limestones are buried by wash,

although a few sinks betray the presence of limestone

not far beneath the surface. Like the larger coves, the
two smaller ones were once cleared and cultivated, but
the clearings are now abandoned and overgrown.

689—419 0—63——2

GREAT SMOKY MOUNTAINS PROPER

The main Great Smoky Mountains, which rise
steeply to great height southeast of the foothills, are
formed largely of resistant coarse thick-bedded sand-
stones and interbedded slates and schists. Within the
report area these rocks dip mainly southeast at low to
steep angles; some of the ridges are cuestalike, but
forms of the rest give little hint of the underlying
rock structure (fig. 4). The sandstones in places, as
on Mount Le Conte, Sugarland Mountain, and Blanket
Mountain, project in massive cliffs and ledges; but
because of their feldspar content they decay readily
into soil, so that the ledges are rarely continuous.
Parts of the mountain slopes are heavily mantled by
coarse talus and blocks, some of which reach astonish-
ing size. Talus and block fields are not actively in
process of growth, for most are overgrown by forest.
Large rounded sandstone boulders choke nearly every
stream that drains the mountain area.

From Gatlinburg eastward, mountains rise behind
foothills in massive bastions and the boundary between
them is abrupt. In this eastern segment, a little east
of the mapped area, the summit of Mount Le Conte
projects to 6,593 feet, yet lies but a few miles behind
the edge of the foothills, so that the mountain front
is one of the longest steep declivites in the Eastern
United States (fig. 5). West of Gatlinburg, the boun-
dary between mountains and foothills is less definite.
Long ridges and divides, such as Sugarland Mountain
and Miry Ridge, lead north from the main crest on
the State line to lower country; Cove Mountain, a high
outlying spur formed of sandstones like those in the
main mountain area, projects well into the foothills.

The main Great Smoky Mountains are entirely for-
ested with a variety of vegetation which equals that
in any other area in the United States north of Flor-
ida; about 1,300 species of flowering plants are known,
including 131 native trees (Jennison, 1938, p. 269,
286). Practically all major forest groupings of the
Eastern United States are present. Many species resem-
ble those which were extensive throughout North
America and Europe during the Tertiary, but else-
where they have only partly survived the rigors of
Pleistocene glaciation (Cain, 1943, p. 233; Whitaker,
1956, p. 3). Part of the original forest growth has
been disturbed by lumbering (in the report area, espe-
cially in the Little River drainage basin) and locally
by farm clearings of the mountaineers, but these areas
have been reclaimed by second-growth forest since
establishment of the national park. Patches of virgin
timber remain elsewhere, and the visitor is astonished
at the girth and height attained by familiar forest
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trees that have only modest dimensions elsewhere;
some are more than 6 feet in diameter and more than
100 feet high (Jennison, 1938, p. 286-287).

Coves, valleys, and moist northern slopes at lower
altitudes are dominated by the ‘“cove hardwoods,”
whose canopy trees include buckeye, birch, basswood,
silver bell, sugar maple, beech, tulip-popular, and vari-
ous deciduous magnolias (Whitaker, 1956, p. 45-46).
Dry exposed southern slopes at this altitude bear stands
of oak, hickory, and formerly chestnut (now nearly
exterminated by blight), and in the driest areas, groves
of pines.

Floral assemblages change with increasing altitude,
many species dropping out, and others having an
altered flowering and growing season. Higher groves
of cove hardwoods, near 4,000 feet, are less varied than
below, but they have a highly developed herb carpet;
mountain maple, red beech, black cherry, birch, and
magnolia are characteristic. Hemlock also appears and
dominates the nearby ridges as well.

Summits above 4,500 feet in the eastern part of the
mountains are crowned by a dark, somber growth of
spruce and fir. Red spruce and Fraser fir are mingled
between 5,500 and 6,000 feet, but the former dominates
below and the latter above, both being interspersed
with patches of beech and fire cherry. The Fraser fir
forests on the high mountain summits are close to the
tree limit (Braun, 1951, p. 145). The flora of the
spruce-fir zone resembles that which grows not far
above sea level a thousand miles to the north, in north-
ern Maine and southeastern Canada (Shanks, 1954,
p- 360). A few miles west of Clingmans Dome the
spruce and fir forest come to an end, and from there
westward hardwoods extend over the summit of the
range; this marks the farthest limit of the Canadian-
type flora in the southern Appalachian (Whitaker,
1956, p. 60-61).

Although most of the mountain crests west of the
spruce-fir forests are covered by hardwoods, some are
“bald,” or bare of trees, and support grasses and low
shrubs (Camp, 1931). Along the ridge summits within
the area, such grassy patches occur on Silers Bald, and
nearly continuously from Thunderhead Mountain west
to Spence Field. The balds do not express timberline
conditions, as nearby forested mountains extend as
high or higher. They are probably floral relics of an
earlier and harsher climatic period, as will be shown
in this report (p. 141-142). The balds have certainly
been maintained by exposure to prevailing winds, and,
to some extent in the last century, by the local inhabi-
tants, who used them as summer pasturage for stock;
at present they appear to be in process of encroachment
by the surrounding forest.
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FIGURE 3.—View north across Wear Cove from a liftle east of Wear Cove Gap. Cultivated lowland in middle distance is underlain by Ordovician limestones and shales of Wear Cove

Main trace of Great Smoky fault is

window. Wooded hills of foreground and distance are formed of phyllites and sandstones of Ocoee series in Great Smoky thrust sheet.

beyond Chilhowee Mountain, about 8 miles distant.
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Considerably different from the grass balds are other
open areas on the ridge crests, known locally as “laurel
slicks,” and technically as “heath balds” (Cain, 1930).
From a distance they appear to be a smooth grassy
carpet, but are in reality an almost impenetrable tangle
of head-high rhododendron, mountain laurel, and other
members of the heath family. Probably no individual
laurel slick is very old, and they originated after
removal of forest cover by fire, landslide, or lumbering.
They cover wide areas on spurs near the heads of the
various prongs of the Little River, from which timber
was cut during the last 40 years. Laurel slicks seem
to be in process of continuous reclamation by the
adjoining forest.

CLIMATE

The Great Smoky Mountains share the general
warm, humid climate of the Southeastern States, but
individual features are created by their position well
inland, within a mountainous region, and by their
strong relief. There is, for example, marked differ-
entiation in local climates with altitude (Shanks, 1954,
p. 357-359).

Variations with altitude are illustrated by a study
undertaken cooperatively between 1946 and 1950, by
the U.S. Weather Bureau, the National Park Service,
and the Tennessee Valley Authority (Smallshaw, 1953,
p- 583). During this period, records were made at
eight stations on or near the transmountain highway
(U.S. Highway 441), whose range in altitude is
between 1,460 and 6,300 feet. The period of observa-
tion is insufficient to indicate long-term trends, yet the
records do include a wide range in precipitation and
temperature from year to year,

Precipitation at the lowest station, at the National
Park Service Headquarters near Gatlinburg on the
north, resembles that elsewhere in the Appalachian
Valley, and varies between 50 and 60 inches yearly.
Above this station, a regular and rapid increase in
precipitation occurs, amounting to 50 percent or more
above 5,000 feet, in the spruce-fir zone. Here, the 5-year
average is 90 inches and the long-term average is
probably above 80 inches. At the station near Cling-
mans Dome, at 6,300 feet, 105 inches of precipitation
was recorded in the exceptionally rainy year 1949.
Precipitation near the mountain summits is thus the
greatest in the United States outside the rain forests
of the Northwest coast. Nevertheless, effects of alti-
tude appear to be less pronounced above 3,500 feet, as
mean differences between records of stations at higher
altitudes are less than those between them and stations
at lower altitudes.

Blanket Mountain

Thunderhead Mountain

Silers Bald

Mount Mingus  Clingmans Dome

Peregrine Peak i
. '

valley of West Prong of Little Pigeon River in

From Cliff Top, on Mount Lee Conte, looking southwest across central part of mountains.

State-line divide is defined by Newfound Gap, Clingmans Dome, Silers Bald, and Thunderhead Mountain;

middle distance, that of main prong of Little River behind the ridge of Sugarland Mountain.

below summit peaks, suggesting a former high-level surface of moderate relief.

FIGURE 4.—View showing summit profiles of Great Smoky Mountains.

11

Note vague accordance of spurs leading off the State-line divide,
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The Great Smoky Mountains share with the re-
mainder of the southern Appalachian highlands a dis-
tinctive precipitation regime of two maxima—one in
the winter and early spring, another in late summer.
The autumn months, and to some extent the spring
months, are comparatively dry, and are the “fire sea-
sons” of the foresters.

Much of the winter precipitation is in the form of
snow; but snowfall is erratic, and the snow cover
rarely persists throughout the winter, except at shel-
tered places in the mountains. Heavy snowfall, from
a few or many storms, occurred in some of the years
of the survey, yet throughout the winters of 1944-45
and 1950-51 the mountains were nearly snowfree.

Summer precipitation is mainly derived from thun-
derstorms, whose banks of cloud, gathering along the
mountain crests, are familiar sights during that season.
Of special geologic interest are rare cloudbursts of
very local extent, which produce exceedingly rapid
runoff and destructive flash floods. One of these, on
August 5, 1938, shed about 12 inches of rainfall in 4
hours on Webb Mountain (Moneymaker, 1939, p. 190),
and another on September 1, 1951, shed 4 to 6 inches
in 1 hour on Mount Le Conte (Smallshaw, 1951, p. 3).
Runoftf from these cloudbursts breaches the protective
cover of vegetation and causes more erosion than the
milder storms of scores or more of intervening years.
During the storms of 1938 and 1951, residuum and
slope wash on heavily forested mountain slopes was
removed in large volume by gullying and landslides,
and local cuts were even made to depths of 4 feet in
bedrock (Moneymaker, 1939, p. 190-194). Great quan-
tities of coarse channel debris were also shifted long
distances downstream. After the 1951 flood, the pres-
ent writer observed that boulders 5 feet in diameter
in the bed of the West Prong of the Little Pigeon
River were intermingled with, and overlay fragments
of, paving that had been eroded from the adjacent
highway. ‘

Temperature, like precipitation, varies with altitude,
the average rate of decrease per thousand feet of
ascent being 2.23°F (Shanks, 1954, p. 355). The
spruce-fir forests average 10° to 13°F cooler than the
base of the mountains during the growing season, so
that the arrival of spring is 1 month to 6 weeks behind
that in the Jowlands. Winter temperatures on; the
mountaintops are, however, much more variable than
summer temperatures, as suggested by the erratic
amount of snowfall already noted. The climate of the
spruce-fir forests of the mountain summits is warmer
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Gatlinburg

From overlook on Tennessee Highway 73 a little east of Fighting Creek Gap, looking east.

FIGURE 5.—View showing profiles of lower slopes of Great Smoky Mountains.

Ridge crests below foot of Mount Le Conte seem to be remnants
Rocks of Great Smoky group form mountains to right, those of

Snowbird group (Roaring Fork sandstone) the lower ground to the left; contact between them is the Greenbrier fault, whose trace lies near the base of the steep slopes,

of a former valley-fioor surface, now dissected to depths of hundreds of feet by modern drainage.
from Mount Winnesoka to the foreground.

Topographic relief in view, from Gatlinburg to summit of Mount Le Conte, is more than a mile.

Gatlinburg fault follows valley of Fighting Creek on left.
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and more moist than that of comparable low-altitude
far-northern forests, its nearest climatic analogue
being in northern New England, the Maritime Prov-
inces of Canada, and the coastal region of Oregon and
Washington (Shanks, 1954, p. 360).

HUMAN GEOGRAPHY
SETTLEMENT OF AREA

First European exployers who reached the East Ten-
nessee country, of which the central Great Smoky
Mountains are a past, found it occupied by “Overhill”
tribes of the Cherokee Indians, a semicivilized people
who lived in permanent villages on alluvial bottoms of
the larger streams of the foothills, where they prac-
ticed primitive agriculture. They did not penetrate
the higher mountains, except during occasional forays.

White settlers arrived in east Tennessee about 175
years ago, at the time of the Revolutionary War, and
created farmsteads and settlements in the Appalachian
Valley. The abortive “State of Franklin,” set up
shortly after, in 1784, included an extensive Sevier
County. A county of that name was not officially rec-
ognized, however, until 1795, when it was established
with about its present limits as part of the new State
of Tennessee. Sevierville, the county seat, was laid out
in the same year (Goodspeed, 1887, p. 834-837).

Settlement of the mountain area soon followed that
of the Appalachian Valley, Wear Cove being occupied
in 1795 and “White Oak Flats” shortly thereafter.
Later, even more isolated communities, farmsteads, and
cabins were established in valleys and little coves well
back in the mountains. Many pioneers reached the area
by ascending various forks of the Little Pigeon River
from the Appalachian Valley, but some crossed over
from North Carolina by a rough trail passing through
Indian Gap, not far from the present highway sum-
mit (Foscue, 1945, p. 194-196). Most mountain settlers
were of Scotch or Scotch-Irish ancestry, and included
such families as Ogle (Oglesby), Whaley, Reagan, and
Clabo (Clabaugh), whose decendants today occupy
much of the country in the central Great Smoky
Mountains north of the national park.

CIVIL WAR PERIOD

A post office was established at “White Oak Flats”
in 1860, named “Gatlinburg” for Radford Gatlin, local
storekeeper. Iranically, he left soon thereafter, never
to return, as he was a Confederate sympathizer and
the mountain country was a stronghold of Union
sentiment.

Sevier County, in fact, furnished scores of volunteers
to the Union armies, and people of the county were
willing suppliers of provisions to General Burnside’s
army, beseiged in Knoxville by General Longstreet’s
Confederate army, in November and December 1863
(Rule, 1900, p. 167-168; Tennessee Valley Authority,
1937, p. 92). Local tradition tells of a “Battle of Burg
Hill” at about the same time, when a small Confederate
force, entrenched on the heights above Gatlinburg, was
routed by Union troops, probably as part of the
skirmishing of the Knoxville campaign.

THE MOUNTAINEER ECONOMY

Aside from the tumultuous Civil War years, the
central Great Smoky Mountains remained isolated for
generations. Until 1916 only a rough track down the
West Prong of the Little Pigeon River joined Gatlin-
burg with the county seat and the outside world.
Mountaineers practiced a self-sufficient economy of
farming, hunting, and timber cutting (National Park
Service, 1941, p. 11-12).

This economy early made use of the “banks” of
residual brown iron ore which were discovered at
many places in the foothills and Appalachian Valley,
for all iron implements, such as ploughs, guns, and
domestic utensils, had to be manufactured locally. A
small furnace and iron works were operated for many
years at Pigeon Forge, supplied by ore brought in
from deposits nearby, in Wear Cove and elsewhere
(Willis, 1886, p. 335-336). Although at one time
sanguine expectations were held as to the mineral
wealth of Sevier County (Killebrew, 1881, p. 32-34),
little sign of the diggings at the old “ore banks” now
remains; probably no single deposit was large, and
each was soon mined out.

LUMBERING OPERATIONS

Aside from clearing land for farming, timber was
cut by mountaineers only for cabin logs, cabinet wood,
and other valuable lumber; much of the land remained
virgin. Systematic cutting on a commercial scale did
not begin in the central Great Smoky Mountains until
1903, when the drainage basin of the Little River began
to be exploited. Operations continued for years, the
last timber being taken out in the mid-1930s.

Commercial lumbering was by railroad, the trunk-
line extending into the basin from the headquarters
village of Townsend at the west edge of the mapped
area; branches led up the main west prong above Elk-
mont and the Middle Prong above Tremont. Grade of
the line up the west prong is now followed by Ten-
nessee Highway 73 between Townsend and Elkmont.
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Grades of the network of feeder lines, penetrating
southward nearly to the mountain crest, are still visible
in this part of the mapped area. The Little River
drainage basin has now largely been reclaimed by
second-growth forest.

GROWTH OF TOURIST INDUSTRY

An incidental result of lumbering and railroad build-
ing was the opening up of a part of the mountains
hitherto inaccessible to visitors. As a consequence, the
community of Elkmont near the head of one of the
railroads was developed as a vacation resort, where
many Knoxville families built summer cottages.

Similar influences began to be felt in Gatlinburg
with construction of a passable access road in 1926.
The earlier self-sufficient mountaineer economy then
passed into one largely dependent on visitors, tourists,
and vacationists, a process accelerated by establishment
of Great Smoky Mountains National Park in 1926
and by completion of the transmountain highway
(U.S. Highway 441) in 1938.

MODERN TOWNS AND VILLAGES

Today the central Great Smoky Mountains contain
the towns of Sevierville (the county seat) with 1,600
people and Gatlinburg with 1,200 people, as well as
the villages of Pigeon Forge and Townsend and the
cottage community of Elkmont. Sevierville is business
center of a large agricultural area and supports a can-
nery, textile mill, and other light industries. Gatlin-
burg is principal focus for visitors to this part of the
Great Smoky Mountains and headquarters of the

national park.
ACCESS

Except for the Smoky Mountain Railroad, whose
line from Knoxville ends at Sevierville, access to the
area is by highway, road, and trail. U.S. Highway
411, one of the main routes along the Appalachian
Valley, extends across the northern part of the area,
passing through Sevierville. From Sevierville, U.S.
Highway 441 leads south to Gatlinburg along the
route of the old road up the West Prong of the Little
Pigeon River, and thence ascends to.the mountain
crest at Newfound Gap, where it crosses into North
Carolina. Tennessee Highway 78 forks west from
the latter beyond Gatlinburg and descends the Little
River to Townsend, staying largely in the national
park. County roads north of the national park pro-
vide access to many parts of the mountain foothills.

Within the park itself, aside from the two high-
ways noted, access is mainly by a system of one-way
truck roads and by trails, from which few areas in

the mountains are more than a mile distant. The
Appalachian Trail, in its course from Maine to Geor-
gia, follows the State-line divide at the south edge of
the area.

DESCRIPTION OF ROCK FORMATIONS
BROADER RELATIONS

Rocks of the central segment of the Great Smoky
Mountains are all of sedimentary origin (with one
insignificant exception), and consist of varieties of
limestone, dolomite, shale, siltstone, sandstone, and
conglomerate, parts of which have been lightly to
heavily metamorphosed. The sediments were laid down
in early Paleozoic and in latest Precambrian time. The
younger sedimentary rocks, of Ordovician and Cam-
brian ages, are exposed toward the north, in the Appa-
lachian Valley, on Chilhowee Mountain, and in the
cove areas; those of earlier age, assigned to the later
Precambrian and termed the Ocoee series, are exposed
in the south, and form the foothill belt and main mass
of the Great Smoky Mountains.

Within the area, the sequence is broken into blocks
as a result of the great deformations to which the rocks
have been subjected, so that successive fault blocks con-
tain groups of formations, not all the relations between
these groups being apparent within the report area.

Relative ages between different sequences of Paleo-
zoic formations on the north can be deduced from their
contained fossils, and missing intervals between these
parts of the section can be filled in the surrounding
areas. The Ocoee series on the south, on the other
hand, contains no known fossils. Some of its groups
have clearly been deposited in very different realms
from those adjacent, and attained their present prox-
imity as a result of many miles of movement along
low-angle faults. It is thus not always possible to
determine their relative ages, and whether they formed
far apart in time or at the same time.

Total thickness of sedimentary rocks in the area
is probably many thousands of feet, or even many
miles, but because of the missing intervals, uncertain-
ties as to succession, and possibility that some units
are contemporaneous with others, it seems idle to men-
tion any total figure.

MAP RELATIONS

Distribution of the different rock formations in the
central Great Smoky Mountains is shown in a gen-
eralized manner on plate 1, and in detail on a larger
scale on plates 2-7. Representation on these maps
requires explanation. ’
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In the central Great Smoky Mountains, as in much
of the southeastern United States, surface of the bed-
rock has been much weathered, has been covered by
soil and slope wash, and has been overgrown by vege-
tation. Natural outcrops of the bedrock are scattered,
the best being along the streams and in ledges along
the steeper slopes, especially in the more quartzose
formations. Limestones and dolomites are extensively
masked by residuum and colluvium, argillaceous rocks
by chips of weathered debris, and feldspathic sand-
stones by sandy soil. Contacts between units, whether
sedimentary or structural, are exposed only by fortu-
nate accident. Much aid is afforded, however, by arti-
ficial exposures, especially roadcuts where the bedrock
has been penetrated beneath the surficial cover.

These conditions present obstacles to geologic map-
ping and interpretation which, in the report area, are
compounded by the complex structure and stratigra-
phy. Formations of the Ocoee series are monotonous
through great thicknesses and contain few or no trace-
able horizons, one unit being gradational into another
and abrupt contacts being generally the result of fault-
ing. In mapping, the geologist is presented with an
equation, one part being the stratigraphy, the other
the structure. If one were known the other could be
interpreted, yet neither is evident, and both must be
worked out by inference as the work proceeds. Con-
clusions can be arrived at only from cumulative facts
and inferences gathered over a wide area; in the
present study these were derived from areas well
beyond the limits of the central Great Smoky
Mountains.

On the maps which accompany this report, repre-
sentation is based, first of all, on contacts which have
been located in natural and artificial exposures; these
contacts have been extended on the basis of outerops
of adjacent and contrasting rocks or of float and
residuum that was weathered from the bedrock. The
representation adopted in these intervening areas is
what appears geometrically plausible. Such representa-
tion is that which is preferred by the author and is
not necessarily the single unique solution. Geologic
maps such as these, in which observation is inter-
woven with much inference, tempt a geologist to
indulge in circular reasoning; map relations, them-
selves based on inference, are likely to be cited as
evidence for the correctness of the inference itself
(cf. B. L. Miller, 1944, p. 217). The present text was
prepared with awareness of this fallacy, and much
effort has been made to avoid it.

In a few parts of the area, available evidence does
not lead to a logical interpretation and no certain
answer appears possible. In such places it seemed best
to keep the mapping as nearly as possible within the
range of field facts, rather than force it into some
logical but fanciful interpretation, which might have
little relation to eventual reality.

STRATIGRAPHIC UNITS

Stratigraphic units in the central Great Smoky
Mountains are partly those which have been estab-
lished as a result of previous geologic work, but part
have been emended, revised, or renamed as a result
of the present investigation. Rocks of the Middle
Ordovician series have thus been revised by Neuman
(1956), and those of the Ocoee series through the joint
work of the geologists of the party (King and others,
1958). Table 1, below, sets forth the rock units exposed
in the central Great Smoky Mountains and their
known and inferred relations to each other.

OCOEE SERIES (LATER PRECAMBRIAN)
GENERAL CHARACTER

The greater part of the rocks of the central Great
Smoky Mountains belong to the Ocoee series (Stose,
G. W., and Stose, A. J., 1944, p. 401; 1949, p. 270; King,
1949, p. 662; Rodgers, 1953, p. 24; King and others,
1958), a body of terrigenous clastic sedimentary rocks,
which has minor intercalations of limestone and dolo-
mite but no volcanic components or known fossils.
Many of the clastic rocks are coarse grained, most are
poorly sorted texturally and mineralogically, and few
are cleanly washed. Many parts are monotonous
sequences—changes from one rock type to another
commonly being gradational both vertically and later-
ally—with few or no mappable key beds. Aggregate
thickness of the series is comparable to that of all the
Paleozoic rocks in the adjacent Appalachian Valley.

Throughout most of the outcrop area of the Ocoee
series, no base or top is visible. On the southeast
side of the Great Smoky Mountains, however, the
basal beds of the Ocoee lie unconformably on older
granites and gneisses. In the northwestern part of the
mountains its upper beds are apparently succeeded by
the Cochran formation at the base of the succeeding
Chilhowee group. To the south, also, it is succeeded
by formations of the Murphy marble belt. Here, it
appears reasonable to place the top of the Ocoee series
at the base of the Nantahala slate (Furcron, 1953, p.
34-38; Hurst, 1955, P. 8), although some geologists in
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TaBLE 1.—Rock formations exposed in central Great Smoky Mountains

TENNESSEE AND NORTH CAROLINA

Formation Cumulative
System Series Group Formation thicknesses thicknesses Relations between units
(feet) (feet)
Paleozoic(?) Metadiorite Intrusive into rocks of Ocoee series.
Top of sequence in report area; overlain
to west by Bays formation (Middle
Ordovician), Chattanooga shale (Devo-
nian and Mississippian), and Grainger
and Greasy Cove formations (Missis-
sippian).
Sevier formation 1 200-400
Conformity.
Chota formation 700
Conformity.
Tellico formation 4,000 -
Middle Ordo- Conformity.
vician Blockhouse shale (with Whitesburg 400
limestone member at base, and
Ordovician To%;ua sandstone member in lower 15,725-7, 590
par
Hiatus and minor unconformity.
Lenoir imestone (with Douglas Lake 25-90
member locally at base, and Mos-
heim limestone member)
Erosional unconformity.
Lower Ordo- Knox group Newala limestone 1 400~2,000
vician - (upper part) Longview dolomite
Chepultepec dolomite
(merging into Jonesboro limestone
in south)
Sequence broken; in adjoining areas
missing sequence consists of Copper
Ridge dolomite or Conococheague
limestone (U, 8per Cambrian), Cona-
sauga group (Upper and Middle Cam-
brian), and Rome formation (Lower
Cambrian).
Shady dolomite 1100
Cambrian Lower Cam- Uonformity.
brian Chilhowee Helenmode formation 200
group
Conformity.
Hesse sandstone 100-200
Conformity.
Murray shale 500
Conformity.
Cambrian(?) Lower
Cambrian(?) Nebo sandstone 250
Conformity.
Nichols shale 700
Conformity.
Cochran formation 1,000— 1 2, 850-3, 200
P robable slight unconformity.
Later Ocoee series Walden Creek | Sandsuck formation 12,000
Precambrian group
Sequence broken.
Upper division 21,000
Wilhite formation
Lower division 22,500
Conformity.
Shields formation . 31,500
Conformity.
Licklog(?) formation 31,500 28, 500
Sequence broken; Walden Creek group
probably overlies Snowbird group, but
may be lateral equivalent of Great
Smoky and Snowbird groups, at least
in part.
Unclassified Rich Butt sandstone (in east) and 11, 500
Cades sandstone (in west)
Rich Butt sandstone lies conformably on
Snowbird group; relations of Cades
sandstone uncertain; these units may
be lateral equivalents of Great Smoky
group, at least in part.
1 Exposed. 2 Approximate exposed. 3 Approximate.
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TaBLE 1.—Rock formations exposed in central Great Smoky Mountains—Continued

Formation Cumulative
System Series Group Formation thicknesses thicknesses Relations between units
(feet) (feet)
Later Ocoee series Great Smoky | Unnamed sandstone (southwestern 14,500
Precambrian group part of area only)
Conformity.
Anakeesta formation 3, 0004, 500
Gradational vertically and laterally.
Thunderhead sandstone 5, 500-6, 300
114,000-23, 300 | Gradational vertically and laterally.
Elkmont sandstone 11, 000-8, 000

Sequence broken in report area; con-
formable in southeastern part of
mountains.

Pigeon siltstone 110,000
Gradational vertically and laterally.
Roaring Fork sandstone 17,000
) Relations uncertain; Metcalf is a meta-
Snowbird group . 117,000 | morphic facies of Snowbird group and
Metcalf phyllite (western part of | Not deter- probably equivalent to parts of Pigeon
area). mined. and Roaring Fork formations.

Base of Snowbird group concealed in
area; in southeastern part of moun-
tains lies unconformably on -earlier
Precambrian.

the past have included in the Ocoee the Nantahala
and even higher formations of the Murphy marble
belt (Wilmarth, 1938, p. 1528).

The Ocoee series is classed by the U.S. Geological
Survey as a provincial series comparable to other series
of the Precambrian, such as the Keweenawan, Belt,
and Grand Canyon.

HISTORY OF TERMINOLOGY

The Ocoee series corresponds to the “Ocoee con-
glomerate and slate” which Safford (1856, p. 151-152;
1869, p. 183-198) named for exposures in the gorge
of the Ocoee River, Polk County, Tenn., southwest
of the Great Smoky Mountains, and recognized as
constituting much of the Unaka province from there
to northeastern Tennessee. In the same region, Safford
also recognized an overlying unit, the “Chilhowee
sandstone,” now termed the Chilhowee group.

Keith, in his series of geologic folios on the southern
Appalachians, divided the rocks of the Unaka prov-
ince into formations that he attempted to trace over
the whole region, but he did not formally use Safford’s
names Ocoee and Chilhowee. Keith’s interpretations
evolved as mapping of widening areas brought increas-
ing understanding, so that in the later folios the
stratigraphic terminology and conclusions as to age,
sequence, and structure of the rocks differ greatly
from those of the earlier folios. This evolution is

difficult to follow in the publications, because Keith
made no general summary and did not explain fully
in the folios the reasons for changes made in termi-
nology and interpretation.

Keith’s initial interpretation of the rocks of the
Ocoee series was set forth in his Knoxville folio
(1895a) ; formations there established were extended
southwestward into the Loudon quadrangle by Keith
(1896) and into the Cleveland quadrangle by Hayes
(1895). In the Knoxville quadrangle, which includes
the present report area, the following classification was
used (table 2) :

TaBLE 2.—Classification of rocks now placed in Ocoee series, as
used by Keith in Knoxville folio (1895a)

Chilhowee Mountain
Cochran conglomerate at top
Cambrian:

Sandsuck shale

Mountain and foothill area
Top not preserved
* Age unknown:
Clingman conglomerate
Hazel slate
Base not exposed
Thunderhead conglomer-
ate
Cades conglomerate
Pigeon slate
Citico conglomerate
Wilhite slate
Lies unconformably on various
Cambrian and “Silurian”
(that is, Ordovician) forma-
tions.
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As folio mapping was extended into surrounding
areas, Keith discovered that the units of the Knoxville
quadrange were not only inapplicable regionally, but
that the rocks had a different sequence, structure, and
regional pattern from that first supposed. About 1901
he therefore developed a new classification and inter-
pretation (U.S. Geological Survey, 1901, p. 69; 1902,
p- 49), which he used in the Asheville and subsequent
folios (table 3). '

Keith transferred these units from an “unknown” to
a Cambrian age because he concluded that the Nanta-
hala slate and Great Smoky conglomerate were the
southeastern equivalents of the Nichols shale and Coch-
ran conglomerate of the Chilhowee group, and because
the other units lay conformably beneath them.

Keith’s revised terminology and interpretation were
remarkably perceptive for their time. His formations
have proved to be useful geologic entities, recognizable
over wide areas in much the manner originally shown,
and were mostly placed in the correct sequence. Later
work has indicated the need for revision and amplifi-
cation, because of more detailed mapping, and further
understanding of the structure, sedimentation, and
metamorphism; Keith’s stratigraphy, however, forms
. the basis on which such revisions of the Ocoee can be
made.

TaBLe 3.—Classification, as revised by Keith, of Ocoee series and
related formations in Asheville and Nantahala folios (1904,1907a),
and Mount Guyot, Cowee, and Murphy quadrangles (1952)

Approzimate equivalents of Knozville folio

Revised sequence
Overlying formations of Mur-

phy marble belt
Nantahala slate:
Type, Nantahala Gorge,
Nantahala quadrangle
Great Smoky conglomerate:
Type, Great Smoky Moun-

tains, Knoxville and
Mount Guyot quadran-
gles

Hiwassee slate:

Type, gorge of Hiwassee
River, Murphy quad-
rangle

Snowbird formation

Type, Snowbird Mountain,
Mount Guyot quadran-
gle

Unconformity
Carolina and Roan gneisses and
associated granites

[As interpreted by present author]
Not present

Not present

Clingman conglomerate, Hazel

slate (part), Thunderhead
conglomerate, Cades con-
glomerate

Pigeon slate (part), Citico con-
glomerate, Wilhite slate,
Sandsuck shale

Pigeon slate (part) ; rest mostly

not present in Knoxville
quadrangle

Not present

GROUPS AND FORMATIONS OF OCOEE SERIES
On the basis of the work of the present field party,
such a revised classification has been set up (King and

others, 1958).

GEOLOGY OF THE GREAT SMOKY MOUNTAINS, TENNESSEE AND NORTH CAROLINA

The rocks of the Ocoee series are divisible into broad
lithologic units, which were recognized as formations
by Keith. As each of these can be divided into different
component units, it is more convenient to rank them
as groups, which we have termed the Snowbird, the
Great Smoky, and the Walden Creek groups. Two of
the groups, the Snowbird and Great Smoky, are
adapted from Keith’s formations of those names; they
were sufficiently defined in the original descriptions,
and their type localities are in the Great Smoky Moun-
tains, where they were restudied during our investiga-
tion. The third group, the Walden Creek, corresponds
approximately to Keith’s Hiwassee slate. Because the
type locality of the Hiwassee is outside the Great
Smoky Mountains, where it was never adequately de-
fined, and because of other ambiguities, this name is
abandoned and a new name substituted.

The groups into which the Ocoee series is divided
are of regional extent (fig. 6), but formations within
the groups are local; they interfinger and intergrade
with each other along the strike, and some do not
persist beyond a quadrangle or two. Those used in the
central Great Smoky Mountains are presented in table
1; the complete classification is set forth elsewhere
(King and others, 1958). Many of the formations are
newly named, but for some of them formation names
used by Keith (1895a) in the Knoxville folio can be
adapted, although these names are redefined and the
formations do not lie in the straitgraphic order orig-
inally assumed. Four of them, the Wilhite, Pigeon,
Cades, and Thunderhead, are thus adapted and rede-
fined. Three others, the Citico, Hazel, and Clingman,
as used by Keith, are for various reasons unsuitable for
further use and are therefore abandoned.

LITHOLOGIC TERMINOLOGY

The clastic rocks of the Ocoee series were given the
general designation of “slates” and “conglomerates”
by Safford and Keith, but they exhibit much greater
variety than implied thereby. For the most part they
were originally argillaceous shales, sandstones, and
conglomerates, but in parts of the series the inter-
mediate class of siltstones is present. Nearly every
formation or group contains most of the rocks of these
textural ranges; in some of them, where the sediments
are graded, the whole textural range of a formation
may occur within a few feet of thickness. All the rocks
have now been slightly to greatly metamorphosed,
although in even the most altered parts their original
sedimentary nature is still evident.

The argillaceous rocks, being most susceptible to
physical effects of metamorphism, assume from place
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bird is represented by strongly foliated argillaceous
and silty rocks termed the Metcalf phyllite. Relations
of the Metcalf to the other two formations is uncertain,
but it is probably an altered phase of one or both of
them. The Metcalf is complexly faulted between for-
mations of other groups of the Ocoee series, and pinches
out among them south of Cades Cove, a short distance
west of the report area.

ROARING FORK SANDSTONE

GENERAL FEATURES
Definition

The Roaring Fork sandstone is named for the upper
course of Roaring Fork in the Cartertown quadrangle
(King and others, 1958), a little east of the report
area, where a representative section is well exposed.
On the Knoxville map, outcrops of the Roaring Fork
within the report area were apportioned by Keith
(1895a) between the “Citico conglomerate” and
“Pigeon slate.” Such differentiation was based on
vague and inconstant lithologic distinctions, and the
units so designated have no relation to formations of
those names at their type localities.

Occurrence in report area

From Roaring Fork, the Roaring Fork sandstone
extends westward into the report area south of Gat-
linburg (Gatlinburg quadrangle), where it crops out
in a triangular area about 3 miles across, bounded by
the Great Smoky group on the northwest and south-
east, in Cove Mountain and the main Great Smoky
Mountains, with each of which it is in fault contact.
Within the area the Roaring Fork sandstone dips
gently to the southeast, and about 1,000 feet is exposed.
Lowest beds on the northwest are cut off by the Gat-
linburg fault; highest beds on the southeast are cut
off, in turn, by the Greenbrier fault, although east
of the report area higher beds wedge in beneath the
latter and grade up into the Pigeon siltstone.

Within the report area, exposures that embrace
large thicknesses of the formation occur along Le
Conte Creek between Gatlinburg and Twin Creeks
Government Headquarters, and along the West Prong
of the Little Pigeon River between the National Park
Service Headquarters and The Sugarlands. Some of
the best outcrops are in the old State highway quarry
just east of the headquarters, and in the National
Park Service quarry on Sugarland Branch a mile to
the south.

Topographic features

In the area south of Gatlinburg the Roaring Fork
sandstone forms a series of foothill ridges that slope
northwest from the higher Great Smoky Mountains
(fig. 5). Ridgetop profiles show a succession of knobs

and saddles, the knobs being formed by sandstone beds
and the saddles by silty and argillaceous beds. Inter-
vening stream valleys consist of a succession of graded
meadows carved on the silty and argillaceous rocks,
separated by narrows and cascades formed on the
sandstones. At the foot of the Great Smoky Moun-
tains, below the contact between the Roaring Fork
sandstone and Great Smoky group, the valleys widen
into alluvium-filled basins, such as the Sugarlands and
Little Sugarlands; these basins have no relation to
the nature of the bedrock, but are depositional fea-
tures resulting from filling of the valleys by mountain-
derived detritus.
LITHOLOGY

The Roaring Fork sandstone of the report area
consists of fine-grained sandstone, siltstone, and
phyllitic argillaceous rocks, about 30 percent of the
total thickness being sandstone, 50 percent siltstone,
and 20 percent argillaceous rocks; these form inter-
bedded units 50 to 200 feet thick. On the geologic
map (pl. 5), the approximate extent of the thicker
and more persistent sandstone beds is shown.

Sandstone

The sandstone beds of the Roaring Fork are 10 to
more than 100 feet thick and are locally very massive.
Even the most conspicuous sandstone beds can be
traced along the strike only with difficulty, as their
feldspathic nature causes them to break down readily
into soil; such beds, besides, may lens out laterally or
be cut off by unrecognizable faults. At the National
Park Service quarry on Sugarland Branch a bed, 120
feet thick, that is underlain and overlain by phyllitic
siltstone, has been worked.

In this quarry and elsewhere the sandstone is gray
or blue gray, tough, compact, and fine grained, and has
no trace of granules or pebbles. Although hard and
firm where fresh, the sandstone is not quartzite, for
it contains nearly as much feldspar as quartz—the
cause of its ready decomposition on weathering. Bed-
ding in the sandstone is indicated by dark laminae,
most of which lie parallel, although scattered layers
1 or 2 feet thick are crossbedded. The sandstone shows
few megascopic effects of metamorphism, but many
beds contain small biotite porphyroblasts, indicating
that mineralogically at least it is a medium-grade
metamorphic rock.

Siltstone

The siltstone of the Roaring Fork closely resembles
that of the overlying Pigeon, described below, differing
mainly in that it does not form continuous units of
great thickness, but is interrupted at frequent intervals
by beds of sandstone and argillaceous rocks. It is dull
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greenish, fine grained, and marked by bedding planes
6 inches to 1 foot apart, with intervening faint, narrow,
light and dark laminae. Some beds, by an increase in
granularity, approach fine-grained sandstone; others
are more argillaceous and grade into phyllite. In the
siltstone which immediately underlies the sandstone
bed at Sugarland Branch quarry, bedding surfaces are
covered by detrital mica flakes as much as a millimeter
across. Although not so strongly foliated as the argil-
laceous rocks, all the siltstone has a well-marked cleav-
age.

Argillaceous rocks

The argillaceous rocks, like the siltstone, are dull
green and marked by light and dark laminae. They
exhibit greater megascopic effects of metamorphism
than the other components of the Roaring Fork, and
are converted into lustrous thoroughly foliated phyl-
lites. In Spring Branch, a mile southwest of the Na-
tional Park Service Headquarters, one phyllite bed
is bright green and probably contains more chlorite
than the remainder.

Vein quartz has been introduced into the phyllites
in large volume, principally along the foliation, and
is a important constituent of the phyllite residuum.
One of the most striking areas of residual quartz is
in the valley of Thirst Branch on the east side of the
West Prong of the Little Pigeon River 114 miles south
of the National Park Service Headquarters, where
many acres of hillside are strewn with quartz blocks,
some more than 5 feet in diameter.

PETROGRAPHY

Typical specimens of sandstone from the Roaring
Fork were examined in thin section by Hadley and
have the mineral composition given in table 4; chemical

TaBLE 4.— Estimated modes, in percent, of Roaring Fork sandstone
[Estimated by J. B. Hadley]

GB-16 GB-305
Detrital minerals
Quartz. _ _ o __. 60 41
Mierocline and orthoelase. .- ______________ 25 16
Plagioclase (albite).__ . ___________________ 23
Epidote o - . 1
Sphene and leucoxene .5
Apatite_ . - .3
Metamorphic and secondary minerals

Biotite. _ . oo 1.5 5
Muscovite and serieite____ .. ____________ 1.0 9
Iron oxides and pyrite_ . . _ . | 2
Caleite _ _ _ e 2

Both specimens from 120-ft bed exposed in National Park Service quarry on Sugar-
land Branch 1 mile south of National Park Service Headquarters. Percentages in
GB-305 adjusted to composition calculated from chemical analysis.
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TaBLE 5.—Chemical analysis, in percent, of Roaring Fork sand-
stone

[Lois D. Trumbull, analyst. Specimen GB-305; 52-1499 CD)

SlOz _______________________________________________ 74 19
AlLOs e 12, 52
Fezoa ______________________________________________ 1. 27
FeO. . 1. 67
MgO - 74
CaO 1. 10
NapOo 2. 57
KO . 4. 17
HO0— e .01
Ho O . 89
TiOg. . ___ e 42
ZrOy_ . . .- e e 00
COe 09
PyOs e 12
MnO_ . . 05
C o . 00

99, 81

composition of one of the specimens is given in table 5.

The sandstone consists largely of detrital grains
0.1 to 0.3 mm in diameter, of which about half are
quartz and much of the remainder plagioclase and
potash feldspar. In one of the specimens plagioclase is
dominant, and this appears to be true for most of the
sandstones east of the report area that were studied by
Hadley. The muscovite includes a few detrital flakes
as much as 0.2 mm in diameter, but most of it and the
sericite are in recrystallized flakes. The presence of
biotite is significant in suggesting the metamorphic
grade of the rock.

STRATIGRAPHIC RELATIONS

The Roaring Fork sandstone is the lowest unit of
the Snowbird group in the report area and its base
is not exposed. East of the report area it overlies
coarser clastic formations of the Snowbird group,
which, in turn, lie unconformably on earlier Precam-
brian basement rocks.

Within the report area the Roaring Fork sandstone
south of Gatlinburg is not in contact with the Pigeon
siltstone north of Gatlinburg, the two being separated
by fault blocks of other rocks. The formations of the
two areas extend eastward where their contact is well
exposed (Cartertown quadrangle); here, the top of
the Roaring Fork is placed at the highest continuously
traceable sandstone bed in the silty and argillaceous
rocks. Nevertheless, the two units are made up of the
same sorts of sandstone, siltstone, and argillaceous
rocks, although in different proportions, and the con-
tact is conformable and gradational.

The highest beds placed in the Roaring Fork in the
area to the east lie more than a mile north of the lowest
beds in the report area which are placed in the Pigeon,
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which suggests a considerable intergradation westward
of beds of Roaring Fork lithology with those of Pigeon
lithology. The extent of such intergradation cannot
be proved, because of the existence of high-angle trans-
verse faults in the intervening area.

PIGEON SILTSTONE

GENERAL FEATURES
Definition

The Pigeon siltstone (King, 1949, p. 639-640) .is
adapted from the Pigeon slate of Keith (1895a), and
named for exposures along the Little Pigeon River and
its West Prong, the type locality being along the main
prong of the Little Pigeon River between Pittman
Center and Richardson Cove (Richardson Cove quad-
rangle). The original Pigeon slate included these same
rocks, but also siltstones farther north which are now
placed in the Wilhite formation of the Walden Creek
group. In Keith’s later mapping near Snowbird Moun-
tain (1904 and Mount Guyot map) he placed litholog-
ically and stratigraphically similar siltstones in the
upper part of his Snowbird formation. The unit is now
classed as the upper formation of the Snowbird group.

QOccurrence in report area

Within the report area the Pigeon siltstone is ex-
posed near the West Prong of the Little Pigeon River
for about 4 miles northward from Gatlinburg (Gatlin-
burg and Pigeon Forge quadrangles). In the type area
to the east the Pigeon is 10,000 to 15,000 feet thick,
depending on the magnitude ascribed to known and
inferred structures (Hamilton 1961). An equally great
thickness is probably exposed in the report area, but
the sequence is less certain and is probably disrupted
by transverse faults.

Along the river the lowest beds of the formation
occur in the south, where they lie in probable fault
contact with the sandstones of Dudley Bluff, referred
to the Rich Butt sandstone. Farther east, Roaring Fork
sandstone occurs beneath the Pigeon, but in another
fault block. Northward down the river for 2 miles the
siltstone forms a great homoclinal sequence, standing
nearly vertical and with tops of beds to the north.
Beyond, near McCookville, it is thrown into numerous
minor folds. These folded beds, probably in the upper
part of the formation, differ somewhat from the silt-
stones below, and are described below as a carbonate-
bearing unit. Siltstones similar to the latter also occur
in a separate fault block in the northern part of the
town of Gatlinburg, where they are overlain by the
Rich Butt sandstone of Dudley Bluffs.

A mass of siltstone of uncertain affinities is exposed
in a series of roadcuts on Tennessee Highway 73 where
it descends eastward from Fighting Creek Gap to the
valley of Fighting Creek (Gatlinburg quadrangle).
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The beds dip steeply southward, away from Roaring
Fork sandstone on the lower slopes, and beneath
massive sandstones of the upper part of the Elkmont
higher on the ridges. They are on strike with thinner
bedded sandstones of the lower part of the Elkmont,
well exposed west of Fighting Creek Gap, but are of
very different character. A possible interpretation, ten-
tatively adopted on the geologic map (pl. 5), is that
the siltstones are a part of the Pigeon which has been
isolated in a slice along the Greenbrier fault.

Topographic features

The Pigeon siltstone forms steep-sided round-topped
hills and ridges, some with slopes of 35° or steeper, .
which are partly timbered and partly cleared for cul-
tivation or pasture. Along streams the siltstones form
strong massive outcrops in which bedding partings
are more conspicuous than cleavage. The cleavage
planes are susceptible to weathering, however, and split
the rock into slabby fragments which cover the nearby
slopes. On hilltops and near stream heads, close to a
former high-level valley-floor surface, weathering has
proceeded longer, decay is more complete, and the
siltstone has been changed to saprolite—a weathered
rock which still preserves much of its original struc-
ture; this rock is overlain by red residual soil in which
the only remaining hard fragments are vein quartz.

MAIN BODY OF FORMATION

Most of the Pigeon is a uniform body of laminated
siltstone, made up of quartz and feldspar grains too
fine to class as sandstone, yet with a perceptible granu--
larity that distinguishes it from an argillaceous rock.
The matrix of finer grained constituents is largely
altered to sericite and chlorite, the latter imparting
a characteristic greenish or dull blue-green color to
the rock.

The siltstone beds are laminated throughout by light
and dark layers a few millimeters to a centimeter
thick, the light layers being somewhat thicker and
coarser textured than the darker. Because of textural
variations the light layers are in places coarse silts or
fine sands, in others merely fine silts, but in all of
them the dark layers are more argillaceous than the
lighter. Many of the laminae are smooth and straight,
but some of the coarser light-colored layers an inch
or so thick show minute crossbedding and crenulations
like “current-ripple bedding” (Kuenen, 1953, fig. 3,
p. 1052).

Bedding surfaces of the siltstone layers can seldom
be observed, but where exposed, in places they contain
ripple marks that are probably related to the cross-
bedding described above. In a roadcut on Norton Creek
2,000 feet southwest of its mouth, bedding surfaces
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contain a great variety of ripples, trending in diverse
directions, some closely spaced, others with amplitudes
of 3 to 6 inches. At some other localities, however,
rippled surfaces are probably of tectonic origin, like
those in the siltstones of the Wilhite formation, de-
scribed on page 52.

Interbedded in the siltstone at intervals of several
hundred feet are layers of fine-grained sandstone a few
feet to more than 50 feet thick. The sandstone layers
are difficult to trace from one outcrop to the next, and
may be very lenticular; a few layers in the lower part,
however, are separately shown on the map. They are
thickest and most abundant in the lower few thousand
feet of section north of Dudley Bluff, although thinner
layers are fairly numerous in the siltstone near the
upper end of the homocline south of McCookville. The
sandstone consists of grains of quartz and feldspar
somewhat coarser than those in the siltstone, but no-
where attaining coarse sizes. Bedding laminae -are
generally few and faint, and in many places a coarse
fracture cleavage is more conspicuous. The sandstone
weathers into large float blocks.

In the southwestern part of the Richardson Cove
quadrangle, just east of the report area, layers of coarse
grit and fine conglomerate 25 feet thick are interbedded
in the siltstone (Hamilton 1961). These layers contain
grains and small pebbles of quartz, feldspar, and rock
fragments, and are interbedded with thinner layers
of black slate. No similar coarse beds have been ob-
‘served in the Pigeon in the report area, but possible
counterparts occur in the Metcalf, as noted below.

CARBONATE-BEARING UNIT

Along the West Prong of the Little Pigeon River,
from McCookville for three-quarters of a mile north-
westward to the lower end of the river gorge, the
siltstone is of somewhat different character and forms
an upper unit of the Pigeon. Where the sequence is
better exposed farther east (Richardson Cove quad-
rangle), rocks of this sort grade indefinitely downward
into the siltstones of the main body so that no precise
stratigraphic contact can be drawn. Rocks of the unit
are typically exposed in the “Rock Fold” quarry on
U.S. Highway 441, a short distance south of the mouth
of Caney Creek.

The siltstone of the unit is generally dull gray, but
part of it is as strongly greenish as the main body.
Some of it contains laminae, layers, and lenses, 14, to 1
inch thick, of iron-bearing carbonate, spaced a few
inches apart, and interbedded layers of carbonate-
cemented sandstone 1 or 2 feet thick. On the northeast
side of the river opposite the mouth of Caney Creek,
slate of fair commercial quality is present where bed-

ding and cleavage coincide; this slate has been quar-
ried on a small scale for local use.

Most of the original fine-grained constituents in the
siltstone have been altered to sericite and chlorite, but
clastic grains of quartz and feldspar as much as 0.1
mm in diameter remain, some of the quartz being per-
ceptibly blue. Successive laminae vary from argillace-
ous material to fine sandstone. The carbonate-bearing
layers are a mixture of calcite and ankerite, the pres-
ence of iron being attested by their brown color on
weathering; some of the carbonate layers are current
bedded, suggesting that the carbonate grains are of
clastic origin. The sandstone layers contain quartz
grains as much as 0.5 mm in diameter; their carbonate
cement is also iron-bearing as they weather brown and
punky, and in places have a limonite crust. Some of the
bedding surfaces of the sandstone layers are ripple
marked, and some are coated with detrital mica.

Probable equivalents of the upper unit are exposed
in a small area, bounded on the east and west by faults,
in the northern part of the town of Gatlinburg between
the mouth of Roaring Fork and Dudley Bluff. Beds
dip steeply, and form a northward succession about
3,500 feet thick, overlain by the Rich Butt sandstone
of Dudley Bluff. The main part is siltstone with dark-
pigmented laminae, interbedded with lighter laminae
containing iron-bearing carbonates; but this siltstone is
underlain to the south by greenish laminated siltstone,
probably equivalent to the main body of the formation.

PETROGRAPHY

Two specimens of siltstone typical of the main body
of the Pigeon and specimens of siltstone and sandstone
from the carbonate-bearing unit were examined in thin
section by Hadley; their mineral composition is given
in table 6.

Two of the specimens (GB-10 and 11) are from
the main body of the formation in the homoclinal se-
quence north of Dudley Bluff, the first being silty and
perceptibly granular, the second more argillaceous and
finer grained. The two differ mainly in the amount of
metamorphic micaceous minerals (chlorite and seri-
cite), probably derived from original argillaceous
components. Quartz and plagioclase grains are rounded
to subangular and very small (0.02 to 0.10 mm), the
sphene and other detrital grains being still smaller.
Bedding is indicated by differences in size and amount
of quartz and plagioclase grains from layer to layer,
by thin seams of sphene, magnetite, and other detrital
grains, and by greater amounts of chlorite i1'1 the
darker layers. Cleavage is indicated mainly by orienta-
tion of the sericite at an angle to the bedding.
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TaBLE 6.—Estimated modes, in percent, of siltstone and sandstone
from Pigeon siltstone

{Estimated by J. B. Hadley]

GB-10 | GB-11 GB-7 PF-6
Detrital or primary minerals

Quartz 44 24 33 45
Plagioclase_.._- [, 10 O] 2 45
Apatite. oo Trace |eccceeecoofocoacaaoe Trace
A1V o V) NS P Trace Trace
Tourmaline .o oo | e Trace
Sphene. 1 Trace Trace 0.1
IImenite. oo ccccoc e ccccceaeo|mmacmmeaen Trace |eceo--eooo Trace
Magnetite.. Trace Trace Trace |cceaoceee-
Muscovite 2 Trace
Carbonate. . oo ccacemce|cmmcaccce e m e 5

Opaque dust Trace

Met. phic and dary minerals

Chlorite. . - 32 25 30 |coccoaaae
Sericite. . 10 50 30 |-mmcmecemn
Pyrite. . - - Trace

1 Included with quartz.

NoTeE.—Description of sample and locality as follows:

GB-10. Siltstone, greenish-gray. East side of West Prong of Little Pigeon River
three %uarters of a mile north of Dudley Bluff, south of old site of Banner

GB-11.
GB-7.

Siltyt slate, greenish-gray, finer grained than GB-10, but from a nearby
outerop.
Siltstone. dark-gray, carbonate-bearing. Cut on U.S, Highway 441 south
of Dudley Bluff, in northem part of town of Gatlinburg.
PF-6. Sandstone, calcareous. “Rock Fold” quarry south of mouth of Caney
Creek on west side of West Prong of Little Pigeon River, from base of ex-
posure.

The specimen of carbonate-bearing siltstone from

the upper unit (GB-7) is similar to the rocks just -

described, except that coarser lighter layers 1 to 3 mm
thick contain much carbonate in the matrix as anhedral
grains and aggregates, and the darker intervening
layers are pigmented by a small amount of opaque
dust.

The sandstone from the carbonate-bearing phase
(PF-6) consists principally of detrital grains of
quartz and plagioclase (albite) 0.06 to 0.20 mm in
diameter. Carbonate mostly forms small rhombohedral
grains scattered through the rock, in part replacing
feldspar, and in part concentrated along bedding lam-
inae; some coarser carbonate forms veins.

STRATIGRAPHIC RELATIONS

In the main area of the Pigeon siltstone along the
West Prong of the Little Pigeon River, its upper part,
north of McCookville (Pigeon Forge quadrangle), is
in fault contact with the Walden Creek group; the
relations of the Pigeon siltstone with this group have
not been established. In the area in the northern part
of the town of Gatlinburg, the upper beds are overlain
conformably by the Rich Butt sandstone.

METCALF PHYLLITE

GENERAL FEATURES
Definition

The Metcalf phyllite is named for Metcalf Bottoms
on the Little River south of Wear Cove (King and
689419 0—63——3
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others, 1958), and is typically exposed along Tennessee
Highway 73 in that vicinity. The Metcalf shares many
of the lithologic characters of the Pigeon siltstone and
Roaring Fork sandstone farther east in the report area
and is probably equivalent to one or both of them, but
it is thoroughly foliated, much contorted, and over
wide areas pervasively sheared (figs. 18, 19); it is
differentiated because of its uncertain stratigraphic
relations and greater physical metamorphism.

Occurrence in report area

The Metcalf crops out between the high ridges of the
Great Smoky Mountains and the cove areas on the
northwest, in a belt extending from near the meridian
of Gatlinburg southwestward to Cades Cove. Within
the report area it forms a belt 1 to 3 miles wide which,
to the northeast, lies on the slope of Cove Mountain
(Gatlinburg quadrangle) and farther southwest forms
a belt of foothills that has been deeply dissected by the
Little River and its tributaries (Wear Cove quad-
rangle).

The Metcalf is mostly faulted against other rocks
with which it is in contact. Through part of its course
it overlies the Ordovician rocks of the coves along the
Great Smoky fault; elsewhere it lies on the Walden
Creek group along the Dunn Creek and Line Springs
faults. Through much of its course it is overlain on the
southeast by the Great Smoky group along the Green-
brier fault. Isolated bodies of the Great Smoky group
and related formations are also tectonically inter-
calated in the Metcalf near Raven Den and near the
Little River from The Sinks westward. At its northeast
end, near Caney Creek, the Metcalf phyllite joins the
Pigeon siltstone, but their stratigraphio relations are
uncertain.

The Metcalf is a homogeneous body of thoroughly
foliated argillaceous and silty rocks that are inter-
bedded with layers of fine-grained sandstone. Because
of small-scale folding of the formation, obliteration of
bedding by cleavage over wide areas, and local shear-
ing, its larger structure and original thickness cannot
be determined ; it is certainly many thousands of feet
thick.

Topographic features

The Metcalf is well exposed in roadcuts and bold
natural ledges along the various prongs of the Little
River; outcrops are also abundant along the steeper
side streams. Even away from the main streams and
along the ridges where outcrops are sparse, presence of
the formation is clearly indicated by its float of mica-
ceous lustrous chips and slabs, with intermingled
blocks of white vein quartz, which differs from float
of the formations with which it is in contact.
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LITHOLOGY
Argillaceous rocks

The argillaceous rocks of the Metcalf have been
altered to fine-grained, lustrous or silky, pale-green,
gray-green, or light-gray phyllite, made foliate by
such micaceous minerals as chlorite and muscovite.
Foliation produces a thinly fissile cleavage along
which the rock splits. Bedding is shown in places by
thin light and dark laminae, bedding is everywhere
subordinate to the foliation and in many outcrops is
not discernible.

Siltstone

Siltstone is interbedded with the phyllite in most
areas, and comprises a third to half the volume of the
formation. The siltstone is more perceptibly granular
than the phyllite and contains a greater proportion of
fine detrital grains. Foliation is nearly as strongly
developed and as pervasive as in the phyllite, but
because of the granular texture the cleavage surfaces
are dull. Bedding is much more evident in the siltstone;
it is indicated not only by the usual light and dark
laminae, but by partings a few inches to several feet
apart. Most of the bedding laminae are rigorously
parallel, but a few thin layers of current-ripple bed-
ding similar to those in the Pigeon occur in places. At
a few localities in the northwestern part of the outcrop
belt the siltstone contains thin closely spaced brown-
weathering carbonate layers, similar to those in the
carbonate-bearing unit of the Pigeon. They are best
developed in highly sheared siltstone not far beneath
the Greenbrier fault along the Little River about a
mile east of Tremont Junction, where associated thin
sandstone layers also have a carbonate cement and
weather brown.

Sandstone

Sandstone forms widely spaced beds, mostly only a
few feet thick, although a few as much as 50 feet thick
occur locally. These beds are most extensive north and
northwest of Schoolhouse Gap at the west edge of the
area (Wear Cove quadrangle), where they comprise
a large part of the exposed section. The sandstone is
gray, fine grained, of uniform texture, and consists
largely of grains of quartz and feldspar. The sandstone
beds lie mainly in the siltstone, of which they appear
to be textural variants. They are somewhat sheared and
crushed, and many are traversed by gash veins of
quartz, but they are less foliated than the associated
fine-grained rocks.

An aberrant set of sandstone beds, about a hundred
feet thick, overlain and underlain by siltstone and
phyllite, is exposed on the Little River about half a
mile east of Tremont Junction (just north of elevation

point 1,176, Wear Cove quadrangle). They are coarser
grained and thicker bedded than the rest, and in some
layers contain quartz grains as much as an eighth of an
inch in diameter. They are separated by partings of
blue-black pyritic slate. Similar thin coarse layers
interbedded in the Metcalf are reported by Ferguson
in ravines south of Tuckaleechee Cove west of the
Little River. These aberrant coarse sandstones resemble
the coarse sandstones interbedded in the otherwise fine-
grained Pigeon in the southwestern part of the Rich-
ardson Cove quadrangle.

PETROGRAPHY
Mineral and chemical composition
Ten specimens of rocks from the Metcalf phyllite
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